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Meperidine hydrochloride is a synthetic morphine-like 
drug. After Tetrahymena pyriformis was exposed to meperidine 
hydrochloride, its ultrastructure, motility and growth rates 
were examined. All concentrations (0.25 - 7.50 mg/ml) of 
the drug reduced the growth rate of the organism within 24 
hr of exposure. 
Concentrations of 0.25 - 0.90 mg/ml had no effect on 
motility of Tetrahymena pyriformis. It was observed that the 
degree of immobilization increased proportionally with the 
drug concentrations (1.50 - 7.50 mg/ml), and the lethal dose 
of the drug after 30 min was determined to be 7.50 mg/ml. 
(iii) 
Electron micrographs revealed that 7.50 mg/ml altered 
the cell membrane of the organism. Furthermore, these micro¬ 
graphs showed that mitochondria are swollen and contain 
electron dense cristae. 
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Meperidine hydrochloride, a synthetic narcotic, is 
effective in relieving pain; however, it is less potent and 
shorter acting in human beings when compared with morphine 
(Eddy et al., 1957). High doses of this drug often produce 
tremors, incoordination, convulsions and even death in some 
animals (Andrews, 1942; Himmelsbach, 1942; Polonin, 1947; 
Isbell and White, 1953; Barlow and Lewis, 1951). 
Seaman and Houlihan (1951) and Straughn and Ronkin 
(1961) reported that the ciliate Tetrahymena pyriformis 
contains an active acetylcholinesterase (AchE) system. Some 
early protozoologists thought that this was the first demon¬ 
stration of the system in the protozoan. A careful investi¬ 
gation revealed that acetylcholine (Ach) as well as the 
esterase were found in Paramecium (Beyer and Wense, 1936). 
Seaman and Houlihan (1951) stated that there is an 
acetylcholinesterase in Tetrahymena pyriformis which spe¬ 
cifically splits acetylcholine (Ach). They further stated 
that the esterase activity in this ciliate is localized in 
the fibrillar system of the pellicle. 
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Schuster and Herschenov (1969) demonstrated that acetyl¬ 
cholinesterase (AchE) is present in the pellicle of Tetrahymena 
pyriformis. Through the application of Barrnett's PbThAc 
method, it was indicated that the major site of this enzyme 
is in the shafts of the cilia. They further reported that 
its susceptibility to some drugs may be the same compared to 
that of higher animals. The effects of meperidine hydro¬ 
chloride on Tetrahymena pyriformis will show good correlation 
with observations on toxicity of the same materials in higher 
animals. 
The purpose of the present study is to investigate the 
effect of meperidine hydrochloride on the ultrastructure, 
growth and motility of the protozoan, Tetrahymena pyriformis. 
CHAPTER II 
REVIEW OF LITERATURE 
Several investigations on the toxic effect of drugs or 
chemical compounds on Tetrahymena pyriformis have been con¬ 
ducted. Jones and Baker (1946) observed aggregation of 
Tetrahymena pyriformis when adding malarial drug, phenan- 
thiaquinone. Schultz and Dumont (1977) showed that phenol 
caused the most striking growth reduction on Tetrahymena 
pyriformis. They further observed through electron micro¬ 
scopy that low concentrations of phenol have no effect on 
Tetrahymena pyriformis. 
Rohatgi and Krawiec (1973) reported that chloramphenicol 
reduced the mitochondrial respiration and cytochrome levels 
of Tetrahymena pyriformis. Tingle, Pavlat and Cameron (1973) 
demonstrated that the mercuric chloride damaged the membrane 
of the ciliate. 
Bullock and Nachmanson (1942) reported the presence of an 
esterase enzyme in primitive nervous systems. They further 
indicated that the function of acetylcholine in nerve activity 
required the presence of acetylcholinesterase. Thus, the 
presence of this specific enzyme (esterase) is always con¬ 
sidered important, while the presence of acetylcholine or its 
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effect on tissue is of less significance. The presence of 
this enzyme could be demonstrated in Tetrahymena, if suffi¬ 
ciently large amounts of these cells were used (Seaman and 
Houlihan, 1951). 
Straughn and Ronkin (1961) reported that there is a 
direct relationship between the speed of locomotion and the 
age of Tetrahymena pyriformis from synchronously and asyn¬ 
chronously dividing cultures. They also proposed that 
esterase activity in this organism appears to be directly 
related to the rate of locomotion of cells in a synchronously 
dividing culture. 
Although most protozoologists accept the presence of 
this enzyme (esterase) complex in the ciliate, Tetrahymena 
pyriformis, there are discrepancies. Tibbs (1960), for 
instance, could not confirm the investigations of Seaman and 
Houlihan (1951) in which they reported the detection of this 
enzyme in Tetrahymena pyriformis. Tibbs' (1960) failure to 
detect the activity of this enzyme may have resulted from his 
use of a preservative, which he thought was necessary for 
long incubations. None of the investigators who detected 
this enzyme in Tetrahymena pyriformis employed the preserva¬ 
tive method. 
Zsilla (1976) reported that meperidine and other opiates 
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decrease the turnover rate of acetylcholine (Ach) in the 
cortex and hippocampus. It was reported by Belestin and 
Polak (1965), and Jhamandes et al. (1970) that opiates 
usually reduce the release of Ach from cortical synapses. 
Florey (1966) stated that vertebrate transmission for motor 
end-plates and synapses between pre- and post-ganglionic 
neurons is accomplished by a release of a transmitter sub¬ 
stance called acetylcholine. 
Frank (1975) stated that meperidine blocks action po¬ 
tential production in a frog skeletal muscle by two mecha¬ 
nisms, namely non-specific and specific. During the non¬ 
specific mechanism, there is an increase in the depression of 
both GNa and , while in specific, an opiate drug receptor- 
mediated mechanism causes a specific depression of only G^a. 
Manwell (1968) reported that Sharp observed a neuromotor 
apparatus in the ciliates in 1914. Seaman (1955) contended 
that the presence of acetylcholine and acetylcholinesterase 
activity in Tetrahymena was involved in the nerve control of 
the neuromotor apparatus. 
Jones and Jahn (1965) observed the effects of hexaméthonium 
chloride, a ganglionic blocking agent, on the ciliary and 
contractile system of the ciliate Spirostomum. Results 
showed that fed organisms, as opposed to starved ones, were 
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more susceptible to the drug action of this metabolite. On 
the contrary, Kidder and Stuart (19 39) , performing growth 
studies on the ciliate Colpoda, reported that the available 
food supply was one of the principal factors that increased 
the population of this ciliate. 
Sanders and Nathan (1959) observed the effects of anti¬ 
histamines on the growth and motility of Tetrahymena during 
logarithmic growth. They indicated that the antimotility and 
growth effects observed were quantitatively similar to the 
local anaesthetic properties of the antihistamines. 
CHAPTER III 
MATERIALS AND METHODS 
Tetrahymena pyriformis, obtained from Carolina Biolog¬ 
ical Supply Company, Burlington, North Carolina, was used in 
all the experiments. Logarithmic-phase organisms (2 to 3 
days old) cultivated in 250 ml Erlenmeyer flasks containing 
100 ml of medium were used throughout this research. This 
ciliate was grown axenically in Tetrahymena medium recommended 
by Carolina Biological Supply Company. 
Table 1. Composition of Tetrahymena Medium. 
Reagents Amount 
Proteose 5.0 gm 
Tryptone 5.0 gm 
Potassium phoshpate (K2PO^) 0.2 gm 
Distilled water 1.0 liter 
The medium was adjusted to pH 6.2 with IN NaOH. All 
cultures were kept in the dark, and the working temperature 
was 25°C. Because photoperiodic effects were demonstrated by 
Willie and Ehret (1968), it was suggested that cultures be 
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kept in the dark. Kidder and Dewey (1951) supported this 
suggestion by demonstrating that light could cause the de¬ 
struction of growth factors, such as folic acid and other 
vitamins thus limiting growth. 
Crystalline, meperidine hydrochloride, l-Methyl-4- 
pheny1-4-piperidine carboxylic acid ethyl ester, was obtained 
from Hoffmann La Roche, Nutley, N.J. Because of the high 
alkalinity and low water solubility of this compound, its 
stock solutions were prepared with distilled water and stored 
in sterile, 25 ml round bottom flasks at 4°C. The required 
amounts of each concentration were added with disposable 
pipets directly to cultures of Tetrahymena pyriformis. The 
drug concentrations used in growth and motility studies are 
shown in Table 2. 
Growth Studies Techniques 
In order to observe the normal growth curve of this 
ciliate, 4 ml of Tetrahymena medium and 1.0 ml of the or¬ 
ganism from the stock culture were put in a testtube. The 
testtube containing this mixture was kept in the dark at 
25°C. Absorbance at 450 nm was used to estimate the growth 
curve. Optical density readings were taken with a Spectronic 
20. Ten experiments were performed and the average was 
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Table 2. Drug Concentration Used in the Growth and 
Motility Studies. 












calculated. The first reading was taken 12 hr after inocu¬ 
lation and subsequent readings were taken at 4 hr intervals. 
Determination of the growth curve was recorded intermittently 
during an incubation of 32 hr and optical density was plotted 
against time. 
Toxicity Of Meperidine Hydrochloride on 
The Growth Of Tetrahymena pyriformis 
Toxic effect of meperidine hydrochloride on population 
growth of Tetrahymena pyriformis was studied using a Bausch 
and Lomb 340 Spectrophotometer. Stock solutions of meperidine 
concentrations were 0.25, 0.45, 0.75, 0.90, 3.00, 4.5, 5.5, 
6.5 and 7.50 mg/ml. To observe the toxicity of this drug on 
growth, each testtube containing 1.0 ml of the organism in 
Tetrahymena medium and 3.0 ml of Tetrahymena medium was 
inoculated with 1.0 ml of the drug at given concentrations. 
Control test tubes contained 4 ml of Tetrahymena medium and 
1.0 ml of the organism in Tetrahymena medium. The testtubes 
were maintained in a bath at 28°C. Absorbance at 450 nm was 
used to estimate population density. A Spectronic 20 was 
used for the optical density readings. Three readings were 
taken for each concentration and the average was calculated. 
The first reading was taken 12 hr after inoculation and 
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subsequent readings were taken at 24 hr intervals. Ten 
experiments were performed and the standard deviation was 
calculated. A rapid statistical counting method was employed 
to determine the motility of control and meperidine-treated 
logarithmic phase cultures of the ciliated protozoan Tetra- 
hymena pyriformis. In order to observe the effect of this 
drug on motility, 0.5 ml of the stock culture of the organisms 
in the medium and 0.5 ml of the drug solution of varied con¬ 
centrations were placed in the chamber and stirred. The 
velocity of the animal was observed using a Seggnick-Rafeo 
plankton counting chamber, a Whipple-Hauser ocular micrometer 
disc and light microscopy. Control motility was observed by 
placing 1.0 ml of the organism in Tetrahymena medium in the 
counting chamber. Percent immobilization counts were made at 
5 min intervals for a period of 50 min. Percent immobiliza¬ 
tion determinations were calculated by using the following 
formula : 
%I = Total No. of Tj- x 10Q 
Total No. of T 
= Percent immobilized Tetrahymena pyriformis 
T^ = Immobilized Tetrahymena pyriformis 
T = Tetrahymena pyriformis 
The chamber containing the organisms and the drug were kept 
for 24 hr at 25°C in the dark. 
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Electron Microscopy 
To study organisms under the electron microscope a 
technique by Gray (1979) was employed using glutaraldehyde- 
Osmic acid fixation procedures. Meperidine hydrochloride 
solutions were removed after 24 hr, and the cells were placed 
in phosphate buffered glutaraldehyde for 1 hr. After the 
cells were washed three times in phosphate buffer (pH 7.2) 
for 1.5 hr, they were immediately placed in 2% Osmic acid for 
1 hr. The cells were then washed (three changes) in phos¬ 
phate buffer (pH 7.2) for 1.5 hr. Following washing the 
cells were dehydrated through a graded series of ethanol - 
40%, 70%, 95% (2 changes) and two changes of 100% acetone. 
Infiltration was as follows : 
3 acetone: 1 Spurr's for 15 min 
1 acetone: 1 Spurr's for 15 min 
1 acetone: 3 Spurr's for 15 min 
Full Strength Spurr's for 1 hr. 
Finally, the cells were embedded in full Strength Spurr's 
(1969) low viscosity medium. Capsules were polymerized at 
68°C for 16 hr. Thin sections were obtained on a LKB Ultra¬ 
tome III. Mounted sections were stained in 2% uranyl acetate 
(Watson, 1958) for 5 min and lead citrate (Reynolds, 1963) 
for 10 min. 
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Sections were examined in a RCA EMU-4 electron micro¬ 
scope at 100 KV. All micrographs were taken on 3 1/4" x 4" 
Kodak electron microscope film and developed in D-19. Photo¬ 
graphic images were enlarged on a Durst S-45 Em Enlarger and 
printed on polycontrast Kodabrome RC paper. 
CHAPTER IV 
EXPERIMENTAL OBSERVATIONS 
Normal Growth Curve of Tetrahymena pyriformis 
The techniques used throughout this experiment were in 
accordance with the modified method of Rosenbaum and Carlson 
(1969). Logarithmic-phase organisms (2 to 3 days old) were 
used in this work. These experiments were conducted with this 
phase because: 
1. at this phase the growth rate of the organism 
is maximal ; 
2. the organism divides steadily at a constant 
rate ; 
3. the population is most nearly uniform in terms 
of chemical composition of cells, and physio¬ 
logical characteristics. 
It is shown in Table 3 and Fig. 1 that between 4-8 hr of 
incubation of the organism, no growth was observed, whereas 
after 9 hr of incubation there was a gradual increase in 
growth. This period of cell division in normal growth is 
called logarithmic phase. The gradual growth increase stopped 
at 16 hr. It was observed that cell division at this phase 
was constant and high. 
14 
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Table 3. Readings of Normal Growth Curve of Tetrahymena 
pyriformis. 




















Fig. 1. Normal Growth Curve of Tetrahymena pyriformis. 
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During the 20-24 hr period, no cell division occurred. 
This phase of the normal growth curve is called stationary 
phase. After 24 hr the cells started to decline; therefore, 
this stage is known as decline or death phase. 
Toxicity Of Meperidine Hydrochloride on the 
Growth of Tetrahymena pyriformis 
This experiment was designed to observe the toxicity of 
meperidine hydrochloride on the growth of this ciliate. Popu¬ 
lation growth of Tetrahymena pyriformis culture exposed to 
this drug for 120 hr were inversely related to concentration. 
Each concentration, indicated by optical density readings, had 
a reduction in growth proportional to time. The drug con¬ 
centrations of 0.25 mg/ml and 0.45 mg/ml, as shown in Table 4 
and Fig. 2, reduced the growth rate to 50% of control. Table 
4 and Fig. 2 also show that drug concentrations of 0.75 - 3 
mg/ml reduced the growth rate to approximately 75% of control, 
while the drug concentration 7.5 mg/ml at 24 hr became lethal 
to Tetrahymena pyriformis. 
Toxicity of Meperidine Hydrochloride 
Upon Motility of Tetrahymena pyriformis 
This experiment was designed to determine the motility of 
control and meperidine-treated Tetrahymena pyriformis. For 
Table 4. Toxicity of Meperidine Hydrochloride upon the Growth of Tetrahymena 
pyriformis. 
Drug cone. 
mg /ml 12 hr 24 hr 4 8 hr 72 hr 9 6 hr 120 hr 
Control 0.040 0.061 0.068 0.124 0.130 0.130 
0.25 0.028 0.034 0.042 0.058 0.061 0.057 
0.45 0.024 0.033 0.038 0.043 0.052 0.051 
0.75 0.021 0.028 0.025 0.029 0.036 0.038 
0.90 0.021 0.027 0.026 0.024 0.020 0.021 
3.00 0.020 0.021 0.019 0.018 0.016 0.014 
4.50 0.019 0.020 0.018 0.016 0.014 0.013 
5.50 0.023 0.019 0.018 0.002 0.001 0.000 
6.50 0.013 0.009 0.005 0.000 0.000 0.000 












Fig. 2. Toxicity of Various Concentrations of Meperidine 
Hydrochloride on the Growth of Tetrahymena 
pyriformis. 
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control cultures and cultures treated with drug concentrations 
of 0.25 - 0.90 mg/ml, there was mobilization, while cultures 
treated with drug concentrations of 3 - 7.5 mg/ml were immobile. 
Table 5 shows that there is a gradual reduction in mo¬ 
tility of the organisms which were placed in 1.50 and 3.00 
mg/ml for 25 min. It is also shown that the drug concentra¬ 
tions of 4.50 and 5.50 mg/ml caused the immobilization of 
about 80% of the organisms. Table 5 further shows that cells 
in 7.50 mg/ml were completely immobile after 30 min exposure 
to the drug. In this experiment, three types of motility 
patterns were observed: (1) revolution in place, (2) straight- 
line swimming, and (3) circling. 
Ultrastructural Observations 
Electron micrographs of control cells revealed 
several features which are typical of Tetrahymena pyriformis. 
The macronucleus, as shown in Fig. 3, possesses a typical 
nuclear envelope. Enclosed in this envelope are numerous 
small nucleoli and dispersed chromatin granules. Fig. 4 shows 
several organelles, such as the endoplasmic reticulum and unit 
membrane. The unit membrane is made up of three layers that 
are in close approximation to one another. Lipids and mito¬ 
chondria are also shown in Fig. 4. The inner portion of each 
cilium (Fig. 5) reveals a typical 9+2 arrangement. In Fig. 6, 
Table 5. Toxicity of Meperidine on Motility of Tetrahymena pyriformis. 
Drug cone, Percent immobilization occurring wi th time (min) . 
mg/ml 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 4 5 min 50 min 
Control 0 0 0 0 0 0 0 0 0 0 
0.25 0 0 0 0 0 0 0 0 0 0 
0.45 0 0 0 0 0 0 0 0 0 0 
0.75 0 0 0 0 0 0 0 0 0 0 
0.90 0 0 0 0 0 0 0 0 0 0 H 
1.50 0 0 0 0 0 5 7 12 16 17 
3.00 0 0 0 0 23 29 41 49 50 51 
4.50 0 0 25 27 30 37 42 56 67 70 
5.50 0 17 30 45 50 80 86 90 95 98 
6.50 0 20 50 68 71 90 94 95 96 100 
7.50 0 36 52 74 97 100 100 100 100 100 
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Fig. 3. TEM micrograph showing macronucleus of a control 
cell. Note Nucleus (N), nucleolus (n) , nuclear 
envelope (ne) and chromatin (ch). X 16,000 
Fig. 4. TEM micrograph of control showing endoplasmic 
reticulum. Note cell membrane (cm), endoplasmic 




Fig. 5. TEM micrograph showing cilia of Tetrahymena 
pyriformis with the 9+2 arrangement. Note 
cilia (c), and 9+2 arrangement. X 20,000 
Fig. 6. TEM micrograph of control showing parallel cilia 
and several mitochondria. Note cilia (c), glyco 




two cilia are parallel to each other. Several mitochondria 
are also visible. Two of these mitichondria are close to the 
cell membrane. These structures are bounded by a double 
membrane and contain closely arranged tubular cristae. 
Ribosomes and glycogen are abundant. Fig. 7 shows two cilia 
that are at a 90° angle to each other. 
The effect of meperidine hydrochloride on Tetrahymena 
pyriformis after 24 hr in 0.75 mg/ml is represented by Fig. 8. 
There is no apparent change in the appearance of the cell 
membrane and mitochondria. Numerous cristae are still present 
within the inner matrix of the mitochondria. Few lipids are 
seen. Many free ribosomes which may represent polyribosomes 
are still apparent. 
Following exposure to 3 mg/ml of meperidine (Fig. 9) is 
an electron dense layer on the surface of the cell membrane. 
This micrograph also shows that the cristae of the mitochondria 
are not as prominent as previously observed. 
Fig. 10 shows the appearance of cells which were exposed 
to 7.50 mg/ml for 24 hr. This micrograph reveals a lack of 
internal organization. The cell membrane is disrupted and 
electron dense. The mitochondria are swollen and the tubular 
cristae are close together and electron dense. 
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Fig. 7. TEM micrograph of control showing two cilia which 
are at 90° angle. Note cilia (C). X 5,000 
Fig. 8. TEM micrograph of an experimental showing the 
presence of some organelles in cells treated 
with 0.90 mg/ml. Note endoplasmic reticulum 




Fig. 9. TEM micrograph of an experimental showing poly¬ 
ribosomes and an electron dense cell membrane 
after 24 hr in 3.0 mg/ml. X 18,000 
Fig. 10. TEM micrograph of an experimental showing swollen 
mitochondria and disrupted cell membrane after 
24 hr in 7.5 mg/ml. Note Mitochondria (M), 




It is evident from the data represented in this 
report that the growth of Tetrahymena pyriformis is affected 
by meperidine hydrochloride. Observations on growth rate 
indicate that there is a drastic reduction in growth at high 
concentrations. In most cases, this resulted in the decline 
or death of the organisms. These results suggest that the 
drug is either retarding cell division or interfering with 
protein synthesis in Tetrahymena pyriformis, as previously 
observed by Schultz and Dumont (1977) in their studies using 
phenol. 
Experimental results further revealed that meperidine 
reduced the motility of this organism. A similar inhibition 
was observed by Schultz and Dumont (1977). They observed 
that 2,4-dinitrophenol (DNP) reduced the motility of Tetra¬ 
hymena pyriformis. This inhibition in motility was probably 
due to a fast rate of penetration. For a number of drugs, 
the concentrations required to achieve a given penetration 
effect are much higher for Tetrahymena than for mammalian 
cells (Hill, 1972). 
The ciliate cortex is a complex surface structure, 
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composed in many places of three unit membrane layers which 
are in close approximation to one another (Allen, 1967). This 
observation agrees with the findings in this study. The 
structure of the membrane of this organism may represent a 
substantial barrier to the entry of molecules from the outside. 
There has been and is still some controversy as to whether 
uptake of nutrients and other materials occurs across the 
surface of the membrane or only by means of the oral buccal 
cavity (Prescott, 1972). 
Electron micrographs of control and expérimentais fol¬ 
lowing concentrations of 0.25, 0.45, 0.75 and 0.90 mg/ml of 
meperidine treated cells showed no significant change in the 
membranes and organelles. This was also observed by Schuster 
and Hershenov (1969). Their investigation with low concen¬ 
trations of morphine on Tetrahymena showed no effect. 
Electron micrographs of cells treated with 3 mg/ml showed 
that the cell membrane is electron dense, whereas cells 
treated with 7.50 mg/ml of meperidine hydrochloride lacked 
internal organization and there was electron density of the 
cell membrane. The mitochondria are swollen following ex¬ 
posure to 7.5 mg/ml. These changes may be the cause of the 
immobility of the cells when they are treated at the highest 
concentration (7.50 mg/ml). Also, it is suggested that when 
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the organism is under stress the mucocysts exuded materials 
which form a sheath over the surface. Antisera produced 
against this excretion immobilize the cilia (Alexander, 1968). 
The normal growth curve of Tetrahymena pyriformis re¬ 
vealed a typical growth pattern of protozoans. Four phases 
were observed, namely - lag, logarithmic, stationary and 
decline or death. These observations confirm similar ob¬ 
servations made by Reid (197 2) . 
CHAPTER VI 
SUMMARY 
1. Meperidine hydrochloride at all concentrations reduced 
the growth rate of Tetrahymena pyriformis. 
2. Meperidine hydrochloride at concentrations of 5.50 - 7.50 
mg/ml are lethal to Tetrahymena pyriformis. 
3. After 24 hr there was no immobilization of Tetrahymena 
pyriformis cultures which were treated with the meperidine 
hydrochloride concentrations of 0.25 - 0.90 mg/ml. The 
drug concentrations of 1.50 - 7.50 mg/ml caused immo¬ 
bilization during the 50 min observations. 
4. Electron micrographs revealed that meperidine hydro¬ 
chloride at concentrations of 0.75 - 3.00 mg/ml have no 
effect on the cellular constituents of Tetrahymena 
pyriformis. 
5. Electron micrographs further revealed that exposure of 
Tetrahymena pyriformis at 7.50 mg/ml of meperidine 
hydrochloride caused cell disruption. 
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